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Although not doctors, these professionals have the education and training to diagnose, treat, and refer autonomously within practice boundaries, as specified by local legislation and/or their employing organisation. 2 The physician assistant role has a 50-year history in the US, with growing numbers working in primary care 3 and further expansion of training programmes under way in response to the Affordable Care Act. 4 Modelled on the success of the role in the US, physician assistants have recently been introduced into other countries such as Canada, Australia, the Netherlands, Germany, and India. 5 In the UK, the first physician assistants were trained in the US and new UK courses did not produce graduates until 2009. 6 Unlike physician assistants in the US and the Netherlands, however, those in the UK do not have the legal authority to prescribe. 6 Since 2013, the name of physician associates (PAs) has been adopted in preference to physician assistants in the UK. This change has been made to distinguish them in the UK setting where the name physician assistant has been given to healthcare assistants in hospital medical teams who are unqualified staff undertaking directed tasks, such as phlebotomy.
The NHS is primary care-led. GPs (family doctors) combine in small-and medium-sized businesses (practices) to provide general medical services to the local population. Most commonly, practices comprise four to six GPs, each with a list of some 1800 patients spanning all ages. GPs are the first point of contact for all health issues (other than emergencies) and refer patients to specialist secondary care. Few GPs employ PAs, 7 and evidence on clinical outcomes or costs of PAs, from the US or elsewhere, is scant. 8 This is a study of the use of PAs in general practices in England. As much of the work of PAs in this setting is attending to patients requesting a same-day or urgent appointment, 7 the processes, outcomes, and costs of PAs fulfilling these functions were compared with those of GPs. This research was part of a larger study of PAs in primary care in England. satisfaction survey. The study was set in 12 volunteer general practices, six employing PAs and six not employing PAs, matched by practice size, sociodemographics of the practice population, and urban/rural geographical environment in the south, east, and southwest of England. Details of the staff in practices with and without PAs are given in Table 1 .
Participants
All patients attending for same-day or urgent appointments with participating (volunteer) PAs or GPs (in non-PA practices) in designated sessions over 4 weeks (2 weeks in winter and 2 weeks in summer months) 2011-2012 were eligible for inclusion. Practice staff extracted the records of these patients from the practice electronic database, assigned a unique study identifier and anonymised the information before passing the data to the research team. Patients aged >16 years in these designated sessions were also offered a validated, patient satisfaction survey for general practice 10 with their study ID by the practice staff and returned by post to the research team.
All but one of the PA-employing practices had some guidelines for the receptionists to assign patients, who were requesting same-day appointments, to PAs. These guidelines were defined by the supervising GP and were based on the knowledge and experience of the individual PA. They ranged from all patients, except those aged <1 year, to a reception-held list of patient problems indicating which were suitable for a GP, PA, or nurse practitioner appointment, dependent on the staff available for that surgery. In five of the practices, PAs were given either longer appointment time slots than GPs (although shorter than the nurses) or the same time slots plus empty appointments to ensure enough time to consult their supervising GP if required.
data and outcome measures
The primary outcome was patient re-consultation within 14 days for the same or a linked problem, which could indicate any difference in consequences for the patient and also the practice and doctor workload. This outcome has been used previously in a UK study of nurse practitioner consultations for same-day appointments compared with GPs. 11 Secondary outcome measures were processes of care (diagnostic tests ordered, referrals made, prescriptions issued, general advice, and medication management advice given); patient satisfaction; and length and cost of consultation. Other variables that were plausible confounders were age, medical acuity of presenting problem, sex, number of times attending the practice in the previous 3 months, number of problems, number of chronic disease registers, and socioeconomic deprivation.
Data collection for these outcome measures and confounders covered:
• Physician associates, n 1 (n = 5); 0 2 (n = 1) Nurse practitioners, n 0 (n = 3); 0 (n = 4); 1.4 (n = 1); 1 (n = 2) 1.0 (n = 2) Nurses, others in patient care
1. the previous 3 months);
• information regarding the same-day/ urgent consultation of interest and any re-consultation for the same or a linked problem at the practice or an urgent care facility within 14 days of index consultation (the presenting problem/s; processes of care [tests, referrals, general advice, and medication management advice given, and prescriptions issued] and length of consultation in minutes [time in and time out on electronic record]; and free text comments made by the clinician); and
• Self-reported patient satisfaction.
All except patient satisfaction were collected from routinely held practice patient records. To examine the case mix by medical acuity and complexity of the consulting patients, a classification 13 was assigned to each presenting problem:
• acute (that is, medically defined as something with a rapid onset sometimes representing severe disease);
• chronic;
• minor problem or symptoms;
• prevention (for example, malaria protection advice for travel); or
• process of care (for example, provision of a medical certificate).
Records with a re-consultation for the same or linked problem within 14 days formed a sub-sample for a medical record review. The medical record review addressed the question as to whether, on the basis of the written record and in the light of the subsequent consultation(s), the index consultation was judged as appropriate by an experienced GP. One GP in the team led the review with four independent experienced GPs, using the framework of Weed's problem-orientated medical record.
14 The GP reviewers were blinded as to whether the record was of a GP or PA consultation. One-tenth of records were reviewed by two GPs to test for reliability.
Sample size
The sample size was based on randomised controlled trial data which compared the rate of re-consultation within 14 days for same-day consultations (the study's main outcome) with those of a nurse practitioner and GP. 11 A sample size of 205 consultations with a PA and 205 with a GP was required to give 80% power at a significance level of 5% for a multilevel logistic regression, adjusting for age and sex. To analyse the main outcome by patient satisfaction, the number of participants required was based on an anticipated minimum 30% response rate to the patient survey, resulting in an estimation of approximately 600 individual patients required.
Analysis
Generalised estimating equation models 15 were used to assess differences in processes and outcomes of consultations and patient satisfaction between PAs and GPs, adjusting for variables that were significant predictors or notably confounded the relationship with the dependent variable or were markedly different in the PA patients and the GP patients; for example, age. These multilevel models account for clustering that indicates inter-practice differences. Poisson models were fitted to counts, binomial to dichotomous outcomes, and proportional odds (checked graphically by plotting the cumulative logarithm of the odds ratio) for patient satisfaction, which was ordinal. All ratios compare PAs against GPs as the baseline, hence a ratio of two would indicate that PAs were twice as likely as GPs to achieve a process or outcome. An overall difference in consultation length between the professions, averaged over the distribution of age and the presenting problem classification, was calculated using marginal effects. 16 Nationally validated unit costs, 2011, 17 were applied to these adjusted consultation lengths to calculate consultation costs. PAs were costed as (Table 2 ).
Study population
Patients seeing a PA were significantly younger, lived in more deprived neighbourhoods, were on fewer chronic disease registers, received fewer prescriptions, and made fewer visits to the practice over the preceding 3 months (Table 2 ). PAs attended significantly more patients presenting for 'minor problems or symptoms' and less often 'chronic' problems than GPs (Table 3) .
re-consultation rates: primary outcome
A total of 514 patients (24.6%) re-consulted within 14 days for the same or linked problem to the index consultation (the primary outcome). There was no significant difference in re-consultation rates between those who initially consulted PAs or GPs (Table 3 ). This result was also non-significant when adjusting for whether a re-consultation was planned (rate ratio (Table 3) .
Length of consultation and costs
The length of consultation was available for 1812 (86.9%) consultations (PA, n = 896 (49.4%), missing n = 36; GP, n = 916 (50.5%), missing n = 238 
Patient satisfaction survey
Of 1020 patients aged >16 years, 539 (52.8%) returned a patient satisfaction survey: 220 (40.8%) had consulted a PA; 319 (59.2%) a GP. There were high rates of reported satisfaction (Table 4 ) with no significant difference between PA and GP consultations ( Table 4) . Most of those consulting a PA responded that they would be willing to consult a PA again (87.3%, 192/220), while 4.1% (9/220) definitely preferred to consult In the light of the re-consultation, records of the index consultation were judged to be appropriate for significantly more of the PA consultations than GPs (81.6% versus 50.8%), (Table 5 ). The GP reviewers incorrectly judged 58.3% (123/211, missing 12) of the PA consultations to be those of GPs and 23% (57/245, missing 7) of GP consultations to be those of PAs. dIScuSSIon Summary This is the first major study of the work of PAs in primary care. 8 No significant differences were found in rates of re-consultation or process measures (diagnostic tests, referrals, or prescriptions) between patients who had consulted a PA or GP for a same-day/urgent appointment, when adjusted for confounders and practice-level clustering. The PAs in this study attended younger and medically less complex patients than the GPs. High levels of patient satisfaction with PA consultations were found. A higher percentage of PA records of re-consulting patients were judged appropriate than GP records by independent GPs successfully blinded to the professional. In the view of the GP reviewers at debriefing after being unblinded, PAs made more thorough consultation records. The reviewers speculated whether this reflected PA training or the difference in length of appointments. They noted that they had not identified any unsafe practice. On average, the consultation times with PAs were longer than with GPs. This difference reflects appointment times set in the study practices, which were 10 minutes for GPs and 15 minutes for PAs (20 minutes in one practice), and may account for why PAs were able to provide fuller records and document significantly more advice-giving than GPs. As salary and related costs of GPs are higher than those of PAs, the cost of a GP consultation exceeded that of a PA by some GBP £6.22 (US$ 10.15). In adjusted analyses that controlled for variations in the case mix of GPs and PAs, no significant differences were found between the professionals in rates of re-consultation, referral to secondary care, prescribing, ordering investigations, or undertaking procedures, so no attempt was made to cost these activities.
Strengths and limitations
This study is an observational study rather than a randomised controlled trial, and this may be seen as a weakness. The design was chosen to capture the impact of a new type of professional within the realities of general practice provision in the NHS, however, and multiple variables were collected to enable confounding to be adjusted for in all analyses. The PAs were volunteer participants in the research and that may been seen as a limitation, although it is not unusual in studies that compare consultations by different groups of professionals. Use of clinical records reduced the data collection burden and minimised the extent of missing data, but may be viewed as less robust than a prospective study. All records in the designated sessions were used rather than just those with surveys, as per the original protocol, as there was loss of fidelity to protocol in offering surveys in some practices at busy periods. The use of all records precluded any unintentional biases. The economic analysis was limited to considering consultation times, and the total cost of treatment was not calculated. Rates of referrals to secondary care, prescriptions, and re-consultations were not significantly different between professionals, however, so this may not have affected the overall conclusions. Lack of data on time spent by the designated GP on supervising and professional development of PAs, and signing of PA prescriptions, means that the true costs of PAs are underestimated to an unknown extent. The medical record review and patient condition severity classification system used in this study both built on established methods but were novel for this study and require further validation.
comparison with existing literature
The PAs in this study attended a different patient case mix from the GPs and this is consistent with reports on the work of PAs from the US 18, 19 and the Netherlands. 20 The reported high levels of patient satisfaction accords with reports in a survey of Medicare recipients in the US. 21 The patient records made by GPs were less detailed than those of PAs. Other studies have identified problems in the quality and completeness of general practice records 22, 23 and consequent medicolegal issues.
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Implications for research and practice This study offers evidence to clinicians, managers, and commissioners of primary care services in the NHS as to the acceptability, effectiveness, safety, and costs of PAs when substituting for doctors for part of the primary care workload. Primary care is a key element of many healthcare systems facing changing demography, increased populations with chronic diseases, and financial challenges. 25 There are growing concerns as to the availability of doctors to work in primary care internationally, [26] [27] [28] and PAs may offer one potential solution, with their shorter duration in training compared with GPs and attendant lower salaries, as part of skill-mixed primary care teams. Within the UK, issues such as legal authority to prescribe need attention if the potential for using PAs in primary care is to be fully realised.
The findings of this study suggest that PA consultations, for same-day appointment patients, in general practices in England, result in similar outcomes and processes for similar consultations by GPs at a lower consultation cost. Deployment of PAs to attend patients, aligned with their competencies, could free up GP time to concentrate on more complex cases. PAs have the potential to be an asset to the primary care workforce in healthcare systems looking to strengthen their primary healthcare provision in the face of shortages of doctors, increasing demands, and financial stringency. 
